Broegelmann Research Laboratory (MO, KS, AIB, RJ) and Institute of Dentistry-Oral Pathology (ACJ), University of
Bergen, Bergen, Norway SUMMARY: The aim of this study was to perform a controlled in situ analysis on the incidence of apoptosis, investigate the expression of apoptosis-mediating proteins, and determine the frequency of apoptotic CD4 ϩ and CD8 ϩ T cells in Sjögren's syndrome (SS). The study was extended to patients with atrophy-fibrosis (AF) not related to SS, as well as to a control group. Immunohistochemistry and the terminal deoxynucleotidyl transferase mediated dUTP digoxigenin nick end labeling (TUNEL) method were applied to study the Fas and FasL expression and the incidence of apoptosis in salivary glands (SG) from patients with primary and secondary SS, AF, and controls. These methods were also combined to enable simultaneous detection of apoptotic and CD4 ϩ or CD8 ϩ T cells. Despite abundant expression of Fas and FasL in SS SG, apoptotic cells were not exceeding 1% in the foci of infiltrating mononuclear cells (IMC) . Double staining showed that the frequency of apoptosis was low among both CD4
ϩ and CD8 ϩ T cells. Only a few TUNEL ϩ epithelial cells were found in all patient groups. Fas was expressed predominantly on SS IMC, single SS epithelial cells, and a few normal acinar cells, but not in AF SG. Although FasL was present on SS and AF IMC and epithelial cells, it was rarely detected in normal tissue. Consequently we demonstrate that Fas-induced apoptosis among SS SG is a rare event. Our findings support an earlier hypothesis indicating that IMC seem to be able to escape apoptosis, resulting in foci of inflammatory cells. Notably, however, no obvious correlation can be drawn to previous studies where a high incidence of apoptosis of epithelial cells was proposed as an important mechanism leading to decreased glandular function, which is a hallmark of SS. (Lab Invest 2001, 81:95-105) . P rimary Sjögren's syndrome (SS) is an autoimmune, rheumatic disorder characterized by a chronic mononuclear cell infiltration into exocrine tissue such as salivary and lacrimal glands. Histologic studies show that these infiltrating cells are predominantly CD4 ϩ T lymphocytes surrounding blood vessels and enlarged ductal structures . The chronic inflammation probably leads to the typical functional loss of secretory activity and severe dryness in the mouth (xerostomia) and eyes (keratoconjunctivitis sicca). Additional symptoms of SS represent glandular and extraglandular manifestations, hypergammaglobulinemia, and production of autoantibodies such as anti-Ro/SSA, -La/SSB, and rheumatoid factor commonly detected in serum and saliva as well as in situ in salivary glands (SG) of SS patients (Halse et al, 1999a (Halse et al, , 1999b (Halse et al, , 2000 Reichlin et al, 1989; Tengnér et al, 1998) . In addition to primary SS (pSS), the disease may occur as secondary SS (sSS) in conjunction with other rheumatic diseases, most frequently rheumatoid arthritis (RA) or systemic lupus erythematosus (SLE) .
The mechanisms behind the characteristic glandular destruction seen in SG of SS patients still remain obscure. For some time, apoptotic cell death-generally involved in eliminating redundant, damaged, or infected cells in immunity, embryogenesis, and carcinogenesis-has been considered to play an important role in the pathogenesis of autoimmune disease (Mountz et al, 1996; Thompson, 1995) . Among a broad range of gene products known to induce or block apoptotic events, particular focus has been put on the expression of Fas (APO-1, CD95) and its ligand FasL (CD95L) in human SS SG. Fas is a cell surface protein of the TNF receptor/nerve growth factor superfamily, constitutively expressed or induced after activation on a variety of cell types including T lymphocytes (Itoh et al, 1991; Oehm et al, 1992) . Expression of FasL, also a member of the TNF superfamily (Suda et al, 1993) , was originally thought to be restricted to T cells and natural killer cells during immune activation (Nagata, 1997) . However, recent studies have shown that it can be constitutively expressed in various cell types, especially in immune-privileged tissues such as brain, testis, and malignant neoplasms (Hahne et al, 1996; Saas et al, 1997; Suda et al, 1995) . It has also been detected in the epithelium of eye (Griffith et al, 1995) , breast (Mullauer et al, 2000) , and in SS (Kong et al, 1997; Nakamura et al, 1998; Polihronis et al, 1998) . Fas-mediated apoptosis, in addition to the perforin-mediated pathway, constitutes the killing mechanisms of cytotoxic T cells. Upon proper antigen recognition through MHC and T cell receptor interaction and Fas/FasL ligation, apoptotic signals are transduced into the nucleus through a complex cascade of proteins, finally leading to apoptosis of the antigen presenting cell (Berke, 1995; Henkart, 1994) .
In murine models, defective signaling and impeded apoptosis caused by mutations in Fas or FasL resulted in autoimmune disease as well as lymphadenopathy (Skarstein et al, 1997; Takahashi et al, 1994; Watanabe-Fukunaga et al, 1992) . Corresponding mutations were not found in genes encoding Fas and FasL in pSS patients (Bolstad et al, 2000) . However, it has been suggested that increased levels of Fasinduced apoptosis among epithelial cells could explain the characteristic acinar atrophy and consequently the dramatic reduction in salivary flow. On the other hand, increased expression of intracellular antiapoptotic molecules could lead to dysregulation of apoptosis and the formation of large foci of infiltrating mononuclear cells. Although several studies on Fas and FasL expression as well as apoptosis in SS SG have been presented, there is, to date, no consensus. Most notably, a wide range of apoptotic frequencies (0.3% to 68%), sometimes quite high, have been detected by the terminal deoxynucleotidyl transferase mediated dUTP-digoxigenin nick end labeling (TUNEL) method in acinar and ductal epithelium (Kong et al, 1997; Manganelli et al, 1997; Matsumura et al, 1996 Matsumura et al, , 1998 Nakamura et al, 1998; Polihronis et al, 1998; Sumida et al, 1997) . Because of the wide discrepancy in previous studies of apoptosis in situ in SG of SS patients, the aims of the present study were to (1) perform a controlled TUNEL analysis on the incidence of apoptosis; (2) investigate the expression pattern of the apoptosis-related molecules, Fas and FasL; (3) study the T cell phenotype and distribution of apoptotic cells; (4) determine the frequency of CD4ϩ and CD8ϩ T cells infiltrating the epithelium; and (5) extend the investigation to patients with degenerative changes comparable but not related to SS, and to a control group.
Results

Histologic Analysis
Histologic analysis of SG from the 18 SS patients showed typical features of focal sialadenitis such as mononuclear cell accumulations representing large focal infiltrates surrounded by normal parenchyma, inflammatory cells sparsely distributed over the connective tissue, acinar atrophy, and enlarged ducts. In some of the patients, a particularly pronounced acinar epithelial atrophy could be observed, in others it was less dramatic. SG from the group of patients with non-SS related atrophy and fibrosis also shared these features, although to a lesser degree than SS SG and in conjunction with abundant fibrosis. Most importantly, chronic inflammation in patients with atrophy fibrosis was present as small and mixed cellular infiltrates rather than large lymphocytic foci. Control tissue did not exhibit any features of sialadenitis. Figure 1A show the frequency of Fas expression detected by immunohistochemistry on acinar and ductal epithelial cells as well as on focal infiltrating mononuclear cells (IMC) in SG from patients with pSS, sSS, atrophy-fibrosis (AF), and normal individuals. Analysis of SS SG ( Fig. 2A) revealed an intense and uniform membrane staining of Fas on numerous IMC. These cells were mainly concentrated in specific, often central, parts of the foci. Single lymphocytes expressing Fas could also be observed scattered over the interstitium. Expression was rare among epithelial cells, but interestingly, two separate morphological categories of pSS, patients with primary Sjögren's syndrome (n ϭ 9); sSS, patients with secondary Sjögren's syndrome (n ϭ 9); AF, patients with degenerative changes (atrophy-fibrosis) not related to Sjögren's syndrome (n ϭ 7); N, normal individuals (n ϭ 5); AE, acinar epithelial cells; DE, ductal epithelial cells; IMC, infiltrating mononuclear cell; SEM, standard error of the mean.
Immunohistochemical Staining of Fas
a Cells with 50% strong or moderate membrane staining were regarded as positive. b TUNEL stained cells were present but so rare that the apoptotic index ϭ 0. c Lymphocytes were by immunohistochemistry shown to infiltrate epithelial areas (see Table 2 ).
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Figure 1.
Distribution of Fas (A) and FasL (B) expression levels and frequencies of apoptotic cells (C) in salivary glands (SG) from patients with primary and secondary Sjögren's syndrome (pSS, n ϭ 9; sSS, n ϭ 9), non-SS-related atrophy and fibrosis (AF, n ϭ 7), and normal individuals (N, n ϭ 5). Immunohistochemistry and the TUNEL method were applied on frozen tissue sections. Positive cells were counted among focal infiltrating mononuclear cells (IMC) and acinar and ductal epithelial cells. The value of each dot represents the frequency of positive cells for each patient, and the line indicates the mean frequency for the different cell types in the individual patient groups.
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Laboratory Investigation • January 2001 • Volume 81 • Number 1 staining were found. A uniform membrane staining similar to that on focal IMC was detected on cells infiltrating certain acini as well as the basal membrane of some ducts. These cells were sometimes hard to distinguish properly from epithelial cells based only on their morphology in the section. However, immunohistochemical staining confirmed increased levels of T cells infiltrating epithelial areas (Table 2 , discussed below). In addition, Fas was sometimes observed on the luminal surface of ductal epithelium as a faint staining and occasionally as a grainy mucous staining in acinar epithelium. One could assume that both of these latter observations would illustrate transportation of soluble Fas molecules. Altogether, there was no significant difference in the frequency of Fas ϩ cells between pSS and sSS patients. In AF SG, membrane-bound Fas was sometimes detected in the mixed chronic infiltrates as well as on single lymphocytes scattered in the interstitium. No Fas ϩ acinar cells could be observed, but a weak staining was present on certain ductal cells, altogether indicating poor expression of Fas in AF SG. In control SG, Fas staining was sparsely detected. A small number of positive lymphocytes were found scattered in interstitial areas and among epithelial cells, positive acinar cells were rare, whereas no expression could be detected on the ducts (Fig. 2B ). In conclusion, the frequencies of Fas ϩ cells were increased in ductal epithelium of SS SG (pSS: P ϭ 0.023, P corr ϭ 0.116; sSS: P ϭ 0.044, P corr ϭ 0.221). Moreover, compared with AF patients, also affected by chronic, but mixed and less intense inflammation, Fas expression was significantly increased on pSS ductal cells (P ϭ 0.004, P corr ϭ 0.022), and increased on sSS ductal cells (P ϭ 0.011, P corr ϭ 0.053) and on sSS acinar cells (P ϭ 0.011, P corr ϭ 0.053). However, the infiltration of T cells was also significantly increased in ductal epithelium of pSS and sSS patient groups (described below). Therefore, T cells might have contributed to the increased expression of Fas in SS SG ductal epithelium. Among acinar cells in AF SG, the frequency of Fas ϩ cells was decreased compared with normal SG (P ϭ 0.025, P corr ϭ 0.126).
Immunohistochemical Staining of FasL
The distribution of cells immunohistochemically stained for FasL expression in the four patient groups is presented in Table 1 and Figure 1B . Briefly, mem-
Figure 2.
Fas and FasL expression (red) were detected in situ in SG from patients with SS and normal controls by application of immunohistochemistry. A, In SS SG, Fas ϩ cells were found predominantly among focal IMC and sparsely in acinar and ductal epithelium (AE and DE, respectively). B, Expression of Fas was rarely detected in normal SG, but could sometimes be found on lymphocytes in interstitial areas and on acinar epithelial cells. C, FasL was expressed among some scattered focal IMC and occasionally in epithelial areas in SS SG. D, In normal SG, FasL expression was rarely detected.
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brane FasL staining was observed on focal IMC as well as on single lymphocytes scattered in the interstitium of SS SG. However, FasL ϩ cells were less frequent and were spread over the foci rather than clustered in certain areas, as was the case for Fas stained cells (Fig. 2C) . In AF SG, FasL ϩ inflammatory cells were occasionally scattered in the interstitium but rarely in the mixed chronic infiltrates. A few acinar and ductal epithelial cells of SS as well as AF SG were FasL ϩ . The staining was predominantly located in luminal mucous parts indicating possible transportation of soluble FasL. In addition, FasL ϩ inflammatory cells were occasionally observed between basal membrane cells of the ductal epithelium. In summary, there was no significant difference in the frequency of FasL expressing cells between pSS and sSS patients. Interestingly, FasL expression in ductal epithelium was significantly increased on sSS and AF SG (sSS: P ϭ 0.006, P corr ϭ 0.027; AF: P ϭ 0.009, P corr ϭ 0.047) and increased on pSS (P ϭ 0.013, P corr ϭ 0.064) compared with normal SG tissue where FasL was rarely detected (Fig. 2D) . Based on the same arguments, one cannot exclude that infiltrating lymphocytes may have contributed to the increased FasL expression in ductal epithelium of AF and SS SG.
Detection of Apoptotic Cells by the TUNEL Method
The frequency of apoptotic cells was determined by the TUNEL method on frozen SG tissue sections from patients and controls and is presented in Table 1 and Figure 1C . Although apoptotic cells were present and often colocalized in SS SG focal IMC, the frequency was lower than 1% in both pSS and sSS patients. In our study, there was no correlation between the incidence of apoptosis and foci size or score. Nor did there seem to be a correlation with the degree of acinar atrophy. Only a few TUNEL ϩ cells were found in acinar and ductal epithelium, not enough to contribute to an apoptotic index above 0% (Fig. 3A) . These observations were also analogous to AF as well as normal tissue. The apoptotic index among epithelial cells is consequently presented as 0% in all patient groups. A few scattered apoptotic cells were found in the interstitium and the connective tissue of all patient groups, sometimes in large areas of the connective tissue in AF patients, indicating active fibrosis. As expected, tonsillar tissue sections, included as positive controls in each experimental run, comprised TUNEL ϩ cells in the basal light zone of germinal centers (Fig. 3B ).
Simultaneous Detection of Apoptosis and T Cell Phenotype
To determine the phenotype of apoptotic T cells, we developed a combined protocol for immunohistochemistry and the TUNEL method on frozen tissue sections. Foci and epithelial tissue were analyzed in SS and normal SG (Table 2) . T cells were observed in interstitial areas but rarely in acini or ducts in normal SG. In SS SG, CD4 ϩ cells were the most predominant, although both CD4 ϩ and CD8 ϩ T cell subsets were spread over the focal areas. However, the incidence of apoptosis was found to be equal among CD4 ϩ and CD8 ϩ cells. Both cell subsets were often found in interstitial areas and infiltrating ductal epithelium, and to a lesser degree also in acini (Fig. 4, A and B) . Most notably, compared with normal SG, there was a significantly increased level of infiltration of CD4 ϩ cells in SS ductal areas (pSS: P ϭ 0.006, P corr ϭ 0.012; sSS: P ϭ 0.017, P corr ϭ 0.035). Infiltration of CD8 ϩ cells was increased in pSS ductal areas (P ϭ 0.028, P corr ϭ 0.056) as well as in sSS acini (P ϭ 0.035, P corr ϭ 
Discussion
Despite abundant knowledge about significant characteristics of SS, the trigger that causes autoimmunity and the final loss of secretory function is still a mystery. During the last years, several investigators have put particular focus on the possible interference of inflammatory T lymphocytes in epithelial cell destruction in SS by Fas-mediated apoptosis. In these in situ studies on SG from SS patients, it is most notable that both apoptotic frequencies and expression levels of apoptosis-related proteins are widely diverse. Some indicate that diminished salivary flow is a result of an increased frequency of apoptosis among ductal epithelial cells, whereas others indicate that it is an effect of augmented acinar apoptosis (Manganelli et al, 1997; Matsumura et al, 1998) .
Interestingly, in contrast to earlier reports, we found that despite elevated expression of Fas and to a lesser extent also FasL among focal IMC and epithelial cells in SS SG, apoptosis was still a rare event. Thus, despite enabled Fas-mediated apoptosis, these findings may indicate that the transmission of death signals into the nucleus might have been blocked. According to our findings, escape from Fas-induced apoptosis could explain the formation of massive inflammatory infiltrates in SS SG, a hypothesis also supported by others (Kong et al, 1997; Matsumura et al, 1998; Polihronis et al, 1998) . Most important, the incidence of apoptosis among epithelial cells was not increased in pSS and sSS compared with normal or AF SG. Only a few TUNEL positive cells were found in all patients groups. Our findings are supported by a report on low frequencies of ductal apoptosis (0.25 Ϯ 0.25% in SS SG, 0.03 Ϯ 0.04% in normal SG) (Nakamura et al, 1998) and by a study on normal oral epithelium where 0.4 Ϯ 0.1% TUNEL positive cells were detected (Loro et al, 1999 ). There was no significant difference between pSS and sSS patients in the frequency and localization of apoptotic cells, nor of Fas-and FasL-expressing cells.
In an overall comparison of previous reports on TUNEL staining of epithelial cells in SS SG, apoptotic frequencies varied from "a few" to 37% in acini, 0.3% to 68% in ducts, and 0% to 21% among IMC. These findings should be compared with frequencies varying from 0% to 19% in normal SG (Kong et al, 1997; Manganelli et al, 1997; Matsumura et al, 1998; Nakamura et al, 1998; Polihronis et al, 1998; Sumida et al, 1997) . The whole process of apoptosis has been described as spanning just three hours. Moreover, neighboring as well as invading phagocytic cells generally engulf and eliminate apoptotic bodies immediately after their formation, which is why detection of TUNEL positive cells in a tissue section should be considered as a highly momentary event (Bursch et al, 1990) . Consequently, the very high apoptotic indexes presented for SS as well as normal SG in previous reports would probably correspond to total clearance rather than actual diminished volume fraction of the cell subsets studied. Furthermore, a direct correlation between expression of Fas and FasL and apoptotic index cannot be accurately performed in the majority of these earlier studies, because immunohistochemistry and assessment of apoptosis were executed on frozen and formalin-fixed sections, respectively.
By developing a combined avidin biotin complex (ABC) and TUNEL method on frozen tissue sections, we showed that focal CD4 ϩ and CD8 ϩ cells go through apoptosis at the same low rate in SS SG. This can be compared with a study indicating increased susceptibility to Fas-induced apoptosis of peripheral CD4 ϩ cells but not of CD8 ϩ cells in SS patients (Zeher et al, 1999) . We also found that CD4 ϩ as well as CD8 ϩ cells frequently infiltrated ductal epithelium, especially in SG affected by severe sialadenitis. Most notably, we found significantly increased levels of Fas and FasL expression as well as T cell infiltration in SS ductal Ohlsson et al epithelium. Based only on their morphology, T cells are sometimes difficult to identify among epithelial cells in a tissue section, and so they occasionally might have been counted as epithelial cells by mistake in this study. Thus, one cannot exclude the possibility that the high levels of T cells infiltrating the ducts might have contributed to the significantly increased levels of Fas and FasL expression presented here, and, hypothetically, also in earlier reports. Only an immunohistochemical doublestaining, which is troublesome to perform on two membrane-bound molecules, would have elucidated the true situation. However this technical problem might actually further support our finding of low incidence of apoptosis despite Fas and FasL expression in SS SG, especially regarding epithelial cells. As determination of cell phenotype was not included in the earlier studies of apoptosis in situ, one cannot exclude the possibility that a portion of the apoptotic cells they detected in epithelium actually were activated T cells expressing Fas and FasL. TUNEL has become a widely used staining method to assist in detection of apoptotic cells in tissue. However, despite its apparent simplicity, a number of critical criteria have to be applied to obtain an accurate delineation of apoptosis (Huppertz et al, 1999; Labat-Moleur et al, 1998; Negoescu et al, 1996; Yasuda et al, 1995) . The sensitivity of the TUNEL assay is important because single strand breaks of DNA are found in other biological situations such as replication and mitosis. Therefore, low levels of DNA breakage exist naturally in cells, which is why false positive results easily can be obtained, eg., with excessive pretreatment with proteinase K or excess TdT. The objective of TUNEL procedures can consequently be known as an attempt to determine the threshold at which only cells with a high degree of DNA fragmentation are labeled. The main drawback with TUNEL, as emerging in the critical evaluations, is the fact that it is very sensitive for tissue processing. Fixation and pretreatments (paraffin sections) are especially critical factors in the detection system, and careful comparison with the control tissue is of utmost importance (Labat-Moleur et al, 1998; Negoescu et al, 1996) . An evaluation of the TUNEL method was performed on frozen as well as formalin-fixed paraffin-embedded sections of M. tuberculosis-infected mouse lung at our department. In frozen tissue, apoptotic frequencies were equal or only slightly lower than in formalin-fixed sections, pretreated with 20 g/ml proteinase K for 15 minutes at 37°C (T. Mustafa, University of Bergen, personal communication, 2000) .
In addition to membrane proteins such as Fas and FasL, apoptotic signaling pathways involve a complex intracellular cluster of pro-and antiapoptotic proteins. These proteins bind in homo-and heterodimers, which is why the expression ratio determines the final destiny of the Fas stimulated cell. Bcl-2, a member of the proto-oncogene family known to interact and control the sensitivity and resistance to apoptosis (Korsmeyer, 1992; Zha et al, 1996) , has indeed been shown to be expressed on the majority of SS SG IMC. However, these cells have also been reported to produce increased levels of the apoptosis-promoting Bax protein (Kiefer et al, 1995) . Even more confusing, reports on the level of Bcl-2 expression among SS epithelial cells are inconsistent despite staining with the same antibody (Kong et al, 1998; Manganelli et al, 1997) . Altogether, these findings demonstrate the complexity of the apoptotic protein puzzle and how unreliable it is to predict the fate of a cell based solely on the expression level of one or a few of these 
Simultaneous detection of apoptosis and CD4
ϩ T cells in SS SG and normal tonsillar tissue. This was enabled on one single frozen tissue section by a combined procedure for immunohistochemistry and the TUNEL method. A, Double positive apoptotic (black) and CD4 ϩ (red) cells were rare, but could occasionally be found in foci of IMC. CD4 ϩ T cells were spread over the foci and did frequently infiltrate ductal epithelium and, to a lesser degree, also acinar epithelium. B, A CD4 ϩ apoptotic cell among single stained CD4 ϩ cells in SS SG foci (magnification of the area in the white box in A). proteins. Furthermore, factors including cytokines such as IL-2, IL-10, and TNF produced in SS patients (Halse et al, 1999b; Taga et al, 1993) , as well as interactions with adhesion molecules, may all contribute to escape from apoptotic signals. Hypothetically, apoptosis of SG epithelial cells might occur at earlier stages of the disease progression, and it might not be possible to detect it in tissue from our patients who were already affected by SS at the time of biopsy. Among the SS patients studied here, there are dissimilarities in focus score number and/or size as well as in the degree of acinar atrophy. This might represent a wide range of inflammatory activity and thus a wide range in the development of SS in humans. Animal models for exocrinopathy provide the potential to follow the development of sialadenitis from early focal lymphocytic infiltration to glandular destruction and decreased secretory response. In accord with our study, no obvious correlation was found between Fas expression and the susceptibility to undergo apoptosis among focal IMC of submandibular salivary glands of the MRL-lpr and MRLϩ/ϩ murine SS models where none or less than 0.1% of the IMC were TUNEL stained (Skarstein et al, 1997) . Mutation analysis on the promoters as well as all exons of Fas and FasL showed that there are probably no crucial defects in these genes in human SS (Bolstad et al, 2000) . This is why studies on apoptotic levels in submandibular salivary glands from NOD and NODscid mice (also murine models of SS although expressing functional Fas protein, the last lacking B-as well as T cells) are of special interest. Most interestingly, in a recent study, low and similar numbers of TUNEL positive epithelial cells were found in these mice compared with control C57Bl/10 mice. Furthermore, this was observed during early as well as effector phases of the sialadenitis despite aberrant expression of Fas, FasL, and bcl-2 (S. C. A. van Blokland et al, Erasmus University, Rotterdam, personal communication, 2000) . If these findings in murine models also represent the condition during development of human SS, one might have to rule out the potency of Fas-induced apoptosis as an important mechanism leading to decreased glandular function found in SS.
Fas-Induced Apoptosis in Sjögren
In a longitudinal study of pSS and sSS patients, salivary secretion was not altered over time despite a significantly increased focus score (Jonsson et al, 1993) , demonstrating the lack of influence of cytotoxic T cells in functional capacity. As the fractional volume of acini in SS SG is decreased, although not always significantly compared with normal tissue, one could imply that reduced salivary flow is a late sign of SG disease compared with sialadenitis. In the current report we show that the incidence of apoptosis in SS SG is low. Although a slow progression of apoptotic epithelial cell destruction may take place, it does not seem to be as aggressive as suggested in earlier studies. However, autoantibodies produced at the site of inflammation and impaired neurological signaling represent other factors that might contribute to the reduced salivary flow (Humphreys-Beher et al, 1999) .
Thus, further investigations into the physiological effect of these factors as well as efforts to identify the triggers of the autoimmune reaction must be performed before the role of apoptosis in SS can be fully evaluated.
Materials and Methods
Patients and Controls
Minor submucosal labial SG biopsies (Daniels, 1984; Greenspan et al, 1974) were obtained, transported in Histocon (Histolab, V. Frölunda, Sweden), frozen in methylbutane by liquid nitrogen, and stored at -70°C. Eighteen patients fulfilling the European classification criteria for SS (Vitali et al, 1993) were studied. Nine of these patients (eight females and one male, mean age 52, ranging from 35 to 78 years) suffered from pSS. The other nine patients (all females, mean age 62, ranging from 45 to 84 years) had sSS, fulfilling other connective tissue disease criteria such as SLE (n ϭ 4) and RA (n ϭ 5). Six of 18 SS patients were serological positive for autoantibodies to Ro/SSA and/or La/SSB. Histologic evaluation defined the following focus scores: pSS: mean 3.6 (range 2 to 8) and sSS: mean 3.2 (range 1 to 8). In addition, seven patients with SG atrophy and fibrosis not related to SS were studied. These patients (six females, one male, mean age 59, ranging from 49 to 68 years) had no focus score but sparse infiltration of mononuclear cells in the SG and negative serology. As controls, SG were obtained from 5 individuals (three females, two males, mean age 34, ranging from 19 to 53 years) evaluated for sicca symptoms but showing no SG sialadenitis and negative serology. Patients were recruited from Haukeland University Hospital (Bergen, Norway). The study was approved by the Committee of Ethics at the University of Bergen and informed consent was obtained from all patients.
Immunohistochemical Staining
Fas and FasL expressions were detected on freshly cut 5-m sections by applying a modified version of the ABC method (Hsu et al, 1981) . Briefly, after stepwise fixation in 50% acetone at 4°C for 30 seconds and 100% acetone at 4°C for 5 minutes, endogenous peroxidase activity was quenched with 0.3% H 2 O 2 in TBS (50 mM Tris-HCl pH7.5, 150 mM NaCl) for 5 minutes. To avoid background staining from endogenous biotin, sections were treated with Avidin D and Biotin blocking solution (Vector Laboratories, Burlingame, California) for 15 minutes each. Nonspecific binding was blocked by incubation with either 5% normal horse serum (Fas staining) or 10% normal swine serum (FasL staining) in 4% bovine serum albumin (BSA)/PBS, pH 7.15, for 30 minutes. The sections were then incubated for 60 minutes with mouse antihuman Fas IgG1 (clone UB2, Medical & Biological Laboratories, Nagoya, Japan; diluted 1:100) or polyclonal rabbit antihuman FasL (Oncogene Research Products, Calbiochem, Cambridge, Massachusetts; diluted 1:5). Then, secondary antibody was Ohlsson et al applied for 30 minutes; either biotin-labeled horse antimouse IgG (Vector) for Fas staining or biotinlabeled swine antirabbit (DAKO A/S, Glostrup, Denmark) for FasL staining; both diluted 1:200 in the serum blocking solution. Binding of secondary antibodies was detected by incubation with Vectastain avidin-biotin-horseradish peroxidase (HRP) complex (Vector) for 30 minutes. Staining was finally developed with a substrate consisting of a H 2 O 2 and 3-amino-9-ethylcarbazol (AEC) buffer for 15 minutes. Sections were counterstained with Mayer's hematoxylin for 10 seconds and mounted with aqueous mounting medium. All procedures were performed at room temperature. Except for the protein-blocking step, the sections were washed with TBS for 2 ϫ 3 minutes after each incubation. Negative controls were performed by incubation with either normal horse serum or normal swine serum instead of primary antibody.
In Situ Labeling of Apoptotic Cells
DNA fragmentation during apoptosis was detected in situ by performing a modified version of the TUNEL method (Gavrieli et al, 1992; Surh and Sprent, 1994) . Briefly, 5-m cryostat sections were dried, fixed with freshly prepared 10% paraformaldehyde (PFA)/PBS for 30 minutes, and washed with TBS. Activity of endogenous peroxidase was inactivated by exposure to 0.1% H 2 O 2 in TBS for 2 ϫ 15 minutes followed by washing in TBS. Sections were equilibrated in thymidine-dioxynucleotidyl transferase (TdT) buffer (0.5 M cacodylate, pH 6.8, 1 mM CoCl 2 , 0.5 mM dithiothreitol (DTT), 0.05% BSA and 0.15M NaCl) at 37°C, and then covered with TdT buffer containing 0.1 U/l TdT (Boehringer-Mannheim, Mannheim, Germany) and 8 nmol/ml digoxigenin conjugated dUTP (Boehringer-Mannheim) in a humidified chamber for 1 hour at 37°C. The reaction was stopped by washing in TBS, sections were then blocked by washing in TBS supplemented with 2% fetal calf serum (FCS)/TBS), followed by sheep anti-digoxigenin IgG (BoehringerMannheim; diluted to 5 g/ml in blocking serum) applied for 1 hour. After washing in TBS and soaking in 10% pooled human serum in 2% FCS/TBS, sections were incubated with HRP-conjugated rabbit antisheep (DAKO A/S, Glostrup, Denmark; diluted 1:100 in blocking serum) for 1 hour. After washing in TBS, TUNEL ϩ cells were visualized by incubation with AEC buffer containing H 2 O 2 for 15 minutes. All steps except incubation with TdT reaction buffer were carried out at room temperature. The sections were counterstained in Mayer's hematoxylin and mounted with aqueous mounting medium. Negative controls included tissue sections incubated as described above, although omitting TdT and dUTP. Tonsillar tissue sections were included as positive controls.
Simultaneous Immunohistochemical Staining and Labeling of Apoptotic Cells
Double staining of CD4 or CD8 expression and DNA fragmentation during apoptosis was detected in situ by performing a combined and modified version of the ABC and TUNEL methods. Briefly, sections were fixed according to TUNEL procedures. After quenching of endogenous peroxidase, immunohistochemistry was performed. Primary antibodies were monoclonal mouse antihuman CD4 or mouse antihuman CD8 (clone SK3 and SK1, respectively; Becton Dickinson, New Jersey; diluted 1:50). Nonspecific binding was blocked with 1% normal goat serum in TBS before addition of biotin conjugated goat antimouse IgG1 antibody (Caltag Laboratories, Burlingame, California) diluted 1:300 in blocking solution. Binding was detected by sequential incubation with Vectastain ABCalkaline phosphatase kit for 30 minutes and red alkaline phosphatase containing Levamisol (Vector) for 25 minutes. Then the TUNEL protocol was performed as described, except that bound HRP was detected by incubation with DAB/NiCl 2 (Vector) for 4 minutes and sections were counterstained in 50% Mayer's hematoxylin for 3 seconds. Positive and negative controls were included as described.
Evaluation of Staining and Statistical Analysis
SG tissue was divided into three morphological areas: focal IMC (foci), and acinar and ductal epithelium. Cells were counted using a light microscope with a grid and a 40x ocular. The size of the foci of inflammatory cells was divided into three categories: (1) less than 50 cells, (2) 51 to 500 cells, and (3) more than 500 cells. An average of approximately 150 acinar cells, 150 ductal cells, and 400 focal IMC (total of 700 cells) were counted within randomly selected fields in each specimen. Cells with more than 50% of the cell membrane immunohistochemically stained were counted as positive. Only morphologically characteristic apoptotic cells with condensed nuclei or nuclear fragments were quantified as positive, whereas the peripheries of the sections and other artefacts leading to false positive staining were excluded. The percentages of positive cells stained for Fas, FasL, CD4, CD8, TUNEL, and of double positive CD4/CD8 and TUNEL cells are presented in tables and figures. Nonparametric analysis of variance among the independent samples was performed using the Kruskal-Wallis test. Mann-Whitney U test was used for comparing frequencies between pSS, sSS, and AF patients and healthy controls and between AF and pSS or sSS patients (P). Adjustments for multiple comparisons were performed for five (Table 1) and two (Table 2) outcomes using the Bonferroni correction (P corr ). After correction, P corr values less than 0.05 were considered statistically significant.
